Advanced two-step transcriptional amplification as a novel method for cancer-specific gene expression and imaging.
The two-step transcriptional amplification (TSTA) system was previously reported to enhance the tissue-specific gene expression driven by weak promoters, but the enhancement of the gene expression is limited to use in in vitro and in vivo experimental situations. To achieve robust tissue-specific gene expression using the TSTA system, we developed an advanced TSTA system which includes polyglutamines and rat glucocorticoid receptor sequences between the GAL4 and VP16 sequences in the region of the first step of transcription. We evaluated the advanced TSTA system as a method to enhance the human telomerase reverse transcriptase (hTERT) promoter-driving cancer-specific transcription in various cancer cell lines. As a result, the advanced TSTA enhanced cancer-specific luciferase gene expression in all of the examined cancer cell lines, when compared with both the one-step and conventional TSTA systems (an ~6- and ~17-fold enhancement, respectively). Notably, the enhancement of the hTERT driven expression by the conventional TSTA system was modest and even inferior to the one-step system in several cancer cell lines. We then constructed a luciferase gene encoding the adeno-associated virus vector in which the hTERT promoter-mediated expression was driven by the advanced TSTA or control systems. In an orthotopic liver tumor model, mice were treated with the vector via tail vein injection. An optical imaging device was used to visualize the in vivo luciferase expression in the orthotopic tumor. The advanced TSTA system significantly enhanced the luciferase expression compared with the one-step and conventional TSTA systems (18.0±1.0- and 15.9±0.85-fold gain, respectively). Therefore, the advanced TSTA system significantly improves hTERT-dependent cancer-specific gene expression both in vitro and in vivo when compared with the previous systems. Since the advanced TSTA method can also be applied to other site-specific gene expression systems using tissue-specific promoters, this approach is expected to become a valuable tool enabling in vivo site-specific targeting in the field of gene therapy and molecular imaging.